Abstract -Experimental results on the magnetic saturation effects on the control of a small reluctance synchronous machine (600W) are presented in this paper. The modeling of the machine without saturation effects is first developed using the space vector theory and then, the electrical parameters measurement are given. A rotor-oriented vector control of the synchronous reluctance machine is achieved with a DSP board (TMS320C31) and experimental results are presented. When the magnetic circuit is unsaturated, the simulation shows a good accuracy of the results when they compared to the experimental ones. Change differences appear with the saturation.
INTRODUCTION
All the classical electrical a-c machines (Induction machine, permanent magnet synchronous machine or synchronous reluctance machine) are made of ferromagnetic materials. These materials have no-linear magnetic characteristics. When the total magnetomotive force (which depends on the stator and rotor currents) in the machine increases, saturation of the ferromagnetic parts appears. The result of the saturation effects is a variation of the machine parameters (stator and rotor inductances). These parameters are used in the mathematical representation of the machines and particularly in the electromechanical torque expressions. The vector control of a-c machines requires to know these parameters in order to obtain a good control of the torque and so a good dynamic performances for the speed loop. A lot of researcher have studied the effects of the magnetic saturation for a long time and have integrated it into the mathematical models of the electrical machine and isq are low) and in the case of saturated conditions (currents isd and isq are high). So, a modified model of the synchronous reluctance machine with the saturation effects is proposed.
LINEAR MODEL
The cross section of the stator and rotor structure of the studied synchronous reluctance machine is shown in Fig. I .
For the modeling, the magnetic saturation effects and the iron losses are neglected. The mmfs are assumed to be sinusoidally distributed. The space vectors of the stator current and of the rotor current i t written in the rotor frame are given as follow (where p is the number of pole-pairs):
.s -jpe with !: = , / : -(Ll(t)+a.k(t)+a2.is3(t))
The expressions of the " t s in the rotor reference frame are given by equations (2) and (3). The coefficients ks and k r are respectively the stator and rotor winding factors. Ns and Nr are the stator and rotor number of turns.
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The air-gap total mmf is:
7.8
The air-gap flux distribution (5) 
The electromagnetic torque expression can be written as follow, where p is the number of pole-pairs:
The expansion of the calculus gives the equations of the machine in the d-q reference frame with all the measurable parameters (L and i, are the damper winding currents):
All the parameters have been measured under unsaturated conditions [SI and are showed in Table I . (12)
The results of the calculus of the PI controllers gains are given in Table 11 . This controllers allow to obtain good dynamic performances for the current loops (a response time of 3ms on both d-axis and q-axis current loops).
For the speed loop, IP controller with an integrator antiwindup is used with a sample time of lms. The speed IP algorithm is executed to generate the needed Isqref current reference. The calculus of the speed controller gains will not be developed in this paper. Now, we compare the experimental and the simulation results for the dynamic responses of the vector control. The simulation algorithm is written in C language. It is based on the unsaturated model of the machine with constant parameters (Table I) 
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The conclusion of this test is that under unsaturated conditions, the model of the synchronous reluctance machine allows to predict the dynamic responses (speed and current) of the control with a high precision. 
w. SATURATED CONDITIONS
The second experimental test is made under satured conditions. The value of Isdref is fixed at 2.5A and the value of Isq is high (a big range of change in speed reference allow to obtain a high value for h q ) . The results of the experimental test and the simulation with the linear model for the speed, the qaxis and d-axis currents are given on Fig. 6 ., Fig. 7 and Fig. 8 . We can observe on these figures important differences between the experimental test and the simulation results. These differences can be explained as the result of the saturation effects on the value of the torque. The torque expression (1 1) can be written as follow (13) 
The saturated value of (Ld -Lq) can be computed with the speed slope on Fig. 6 and the mechanical parameters of the machine. The result of this calculus is given on Table 111 .
To take into account the effects of the magnetic saturation, we propose a modified theoretic model of the synchronous reluctance machine. The expression of the yoke flux (5) is conserved but the direct and quadrature permeance Xd and ~q cannot be considered as constant. These permeances must depend on the total magnetomotive force (4):
The expansion of this saturated model is achieved with the use of the works developed by [6] and applied to the synchronous reluctance machine. The results of the simulation obtained with this saturated model (see Fig. 6 . and Fig. 7.) show a better correspondence compare to the experiment. 
V. CONCLUSION
Experimental results on the vector control of a reluctance synchronous machine have shown the effects of the magnetic saturation. These experimental results show a good accuracy with the simulation (linear model) on the dynamic responses (current and speed) when the motor is under unsaturated conditions and high differences when the machine is saturated.
The use of a saturated model allow to obtain a better simulation of the transient under saturated conditions.
